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(57) Abstract 

In a method of manufacturing an optical filter a monomode optical fibre (4) is mounted in a channel (6) of a silica 
block (5). The upper surface (10) is lapped and polished to expose a portion of the fibre core (2) to provide a polished half 
coupler (PHQ. A thin film (7) of index matched UV curable adhesive is applied to the PHC and an ultrasonic source (8) is 
used to set up a standing wave in the film (7) which is then rapidly cured using a high intensity UV source (9). 
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OPTICAL FILTER 

The present invention relates to an optical filter and 
more particularly to a method of manufacturing such a 
filter. 

It is known to provide an optical filter by overlaying 

5 a periodic structure onto a polishea half coupler. In one 

such filter of the kind conprising an optical waveguide 
having a distributed Bragg Reflector, light of a 
wavelength which satisfies the Bragg condition is 
reflected back along the guide at 180 to the original 

10 direction of propagation. 

One known method of providing the reflector is to 
apply a diffraction grating to an optical fibre. However, 
preparing such a grating requires a high degree of SKill 
and accuracy. Consequently time consuming manufacture and 

15 high rejection rates may be expectea resulting in an 

expensive filter. 

Accordingly it is one object of the present invention 
to proviae an effective optical filter whicn is iess 
costly to manufacture. 

20 According to the present invention there is provioec a 

method of manufacturing an optical filter comprising the 
steps of lapping or polishing an optical fibre to expose a 
portion of fibre core, overlaying the exposed core portion 
with a curable adnesive, setting up a standing wave in the 

25 adhesive and rapidly curing the adhesive whereby a 

corrugated structure is providea. 

Preferably an index matching ultra violet curaoie 
adhesive is used, curing being effected by use of a high 
intensity ultra violet light source. 



WO 89/02610 



PCT/GB88/00741 



- 2 - 

The standing wave is preferably set up using an 
ultrasonic wave, the frequency of which may be variea 
during the curing period to provide a chirped structure to 
the corrugations. 

5 A method of manufacturing an optical filter in 

accordance with the invention will now be described by way 
of example only with reference to the accompanying 
drawings of which:- 

Figure 1 shows schematically a section through an optical 
10 fibre manufactured in accoraance with the invention; 

Figures 2A-F show schematically the manufacturing process; 
and 

Figure 3 shows schematically a part of the filter showing 
a standing wave set up during manufacture. 

15 Before considering the preferred methoo of 

manufacturing an optical filter the product of the process 
will be considered in respect of the technical 
background. Accordingly, referring to Figure 1, a section 
through a polished half coupler(PHC) shows tne PHC 

20 comprising a cladding layer 1 and a fibre core 2. A 

periodic structure in the form of corrugations 3 has been 
proviaed* 

The corrugations 3 cause light propagating in tne 
fibre to be scatterea in a similar way to light scattered 
25 by a diffraction grating and light which strikes the 

corrugations 3 will be scattered into the claaoing 1, into 
the atmosphere or in either direction along the fibre core 
2. 

The filter of Figure 1 accordingly acts as a one 
30 dimensional Bragg reflector and light of the wavelength 

which satisfies the Bragg Condition is reflected oack 
along the guide at 180° to the original direction of 
propagation. The Bragg Condition will De satisfied at 
different wavelengths in aependance upon the perioa of the 



corrugations 3 tnereby providing in the case shown a 
frequency selective rejection filter in which 
substantially all the incident power at a specific 
wavelength is reflected. 

Referring now to Figure 2, the method of preparing the 
filter using a monomode fibre involves mounting the fibre 
4 in a channel 6 of a silica block 5. The channel 6 has a 
slightly curved upper surface and, in practice the upper 
surface 7 of the block 6 may be curved, the channel 6 
being scared therein. 

Having mounted the fibre 4, the surface 7 and claading 
1 are lapped and polished to provide a flat surface as 
shown in Figure 2B in the same manner as used in the 
preparation of a known PHC. The fibre profile is thus 
changed to that of D-type fibre as shown in Figure 2F with 
the cladding polished away to expose a portion of the 
fibre core 2. 

Having so prepared the fibre 4 a thin film 7 of inaex 
matched ultra violet curable adhesive, such as an acrylic 
epoxy adhesive (e.g. "Norland 65") or an acrylic silicone 
aahesive, is applied to the exposed core 2 of the fibre 4. 

Using an accurate ultrasonic source 8 at a frequency 
calculated as hereinafter aescribeo a standing wave is 
caused to be set up in the, currently liquid, adhesive 
film 7. Having set up the standing wave, high intensity 
ultra violet light from a source 9 is used to effect a 
rapid cure of the adhesive film 7 thereby providing the 
required Bragg reflector. 

It is here noted that during the curing perioo the 
frequency of the ultrasonic source 8 may be varied so that 
the standing wave varies slightly thereby providing a 
chirped structure which simulates a chirped diffraction 
grating. This allows production of "Danowidth" filters. 

It will be appreciated, however, that using a staole 
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ultrasonic source, filters having a very narrow banawidth 
may be produced enabling accurate rejection of optical 
signals of a specific wavelength which may find use in 
demultiplexing wavelength division multiplexed (WDM) 
signals. 

Referring again to Figure 1, it is known that the 
Bragg condition is satisfied when 

1 = 2n e D 

where Ti is the wavelength of light in vacuum 

n is the effective refractive index of the 
e 

waveguide ana 

D is the corrugation period. 
When reflected light is incident at an angle £ then 

n g = n, sin 2 a 

where n, is the refractive index of the guide. 

Thus in creating the aforementioned frequency 
selective rejection filter formation of the standing wave 
in the adhesive overlay 7 ' requires excitation of the 
liquiG film at a preaeterminea frequency to create a 
corrugation having a specific period D. The required 
.excitation frequency (F) is given by 

F = c 
D 

where c is the speed of propagation of the wave in an 
overlay. 

Since for fluio flow is a free surface film the 
surface pressure along the surface cannot vary from point 
to point then a disturbance of the fluid 7 will propagate 
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as a surface wave not as a pressure wave. 

Referring then to Figure 3 and providing 
C = wave propagation velocity and 
h = mean adhesive film thickness with 

Q = the flow through a section of unit. width measured 
perpendicular to the direction of propation, in 
considering a vertical section through the film at 'A* 
where the excited depth equals the mean depth h 

then C = Q 



Now as at any vertical section the total energy of the 
film is constant, gain in kinetic energy in the peak of 
the wave must equal the loss in potential energy in the 
trough. Therefore at A the total energy of the liquid (E) 
is given by 



h 



E 



and since 



Q 



h 



5 



E = h + J3 2 
2gh 2 



As this applies at any secti 



on dE = 



0 



dh 



therefore differentiating 



dh 



c£ - 1 - 




0 
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or since Q = C 
h 

1 - _£ 2 = 0 
Thus C = gh 



Using the above equations the required frequency of 
the source 8 for any required filter may be calculated. 

Thus in a typical single mode (monomode) optical fibre 
the angle t given by the critical angle for the 
core/ cladding interface is given by 

a = sin" 1 jr^_ (typically) = 1.456 
15 nl 1.46 

Thus a = 65.76 



Accaraingly from n g = nl sin 2a (above) 
20 n e = 0.2154 



Now since D = ft 
2ne 

f or wavelengths of , say , 1 550 nm ana 1300 nm D is 
respectively 3.6?m and 3.01?m. Accordingly with an 
adhesive film thickness of 50?m 



c = gh = 9.81 x 50E* 6 



= 0.0221 m/s = 22l47?/s 



Now since f = _c_ 
D 



f = 6.152 kH for a filter having a rejection wavelengtn 
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of 1550 urn 

and f = 7.358 kH 2 for a filter having a rejection 
wavelength of 1300 urn. 

5 It will be realised that the above exanples are 

exemplary only to demonstrate calculations in respect of a 
particular fibre and particular frequencies. 
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CLAIMS 

1. A method of manufacturing an optical filter comprising 
tne steps of lapping or polishing an optical fibre to 
expose a portion of fibre core, overlaying the exposed 
core portion with a curable adhesive, setting up a 

5 standing wave in the adhesive and rapidly curing the 

adhesive whereby a corrugated structure is provided. 

2. A method according to Claim 1 wherein adhesive curable 
with ultra-violet light is overlayed on the exposea 
portion, the adhesive being cured by use of a high 

10 intensity ultra violet light source. 

3. A method according to Claim 1 or Claim 2 wherein the 
standing wave is set up using an ultrasonic wave. 

4. A method according to Claim 3 wherein the frequency of 
tne ultrasonic wave is varied during the curing period 

15 whereby a chirped structure is provided. 

5. An optical filter manufactured by the method of any 
one of Claims 1 to 4. 
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